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In present study, we search the lambda magic number in hypernuclei within the framework of relativistic
mean field theory (RMF) with inclusion of hyperon-nucleon and hyperon-hyperon potentials. Based on one-
and two-lambda separation energy and two-lambda shell gap; 2, 8, 14, 18, 20, 28, 34, 40, 50, 58, 68, 70 and
82 are suggested to be the Λ magic number within the present approach. The weakening strength of Λ spin-
orbit interaction is responsible for emerging the new lambda shell closure other than the model scheme. The
predicted Λ magic numbers are in remarkable agreement with earlier predictions and hypernuclear magicity
quite resembles with nuclear magicity. Our results are supported by nuclear magicity, where neutron number N
= 34 is experimentally observed as a magic which is one of the Λ closed shell in our predictions. In addition, the
stability of hypernuclei is also examined by calculating the binding energy per particle, where Ni hypernucleus
is found to be most tightly bound triply magic system in considered hypernuclei. Nucleon and lambda density
distributions are observed and it is found that introduced Λ’s have significant impact on total density and reduces
the central depression of the core nucleus. Nucleon and lambda mean field potentials and spin-orbit interaction
potentials are also observed for predicted triply magic hypernuclei and the addition of Λ’s affect the both the
potentials to a large extent. The single-particle energy levels are also analyzed to explain the shell gaps for triply
magic multi-Λ hypernuclei.
PACS numbers: 21.10.-k, 21.10.Dr, 21.80.+a
I. INTRODUCTION
The study of hypernuclei has been attracting great interest
of nuclear physics community in providing the information
from nucleon-nucleon (NN) interaction to hyperon-nucleon
(YN) and hyperon-hyperon (YY) interactions. Due to the in-
jection of hyperons a new dimension is added in normal nu-
clear system and hyperons serve as a potential probe for ex-
ploring many nuclear properties in domain of strangeness [1–
3]. However, hyperon-nucleon interaction is weaker than
nucleon-nucleon but it is imperative as well as important
to describe the nuclear many-body system with strangeness.
Various theoretical approaches Skyrme Hartree Fock [4–12],
relativistic mean field [13–18], cluster, variational, diffusion
Monte Carlo [19–29], and G-matrix [30–32] have been em-
ployed by scientific community to estimate the strength of
hyperon-nucleon as well hyperon-hyperon interactions. Fur-
ther, these models have established themselves as very effec-
tive in testing the existence of bound hypernuclei and the sta-
bility of nucleonic core against hyperon(s) addition or the oc-
currence of exotic strange matter which facilitate the path to-
ward multi-strange systems.
Magic numbers in nuclear physics are certain neutron and
proton numbers in atomic nuclei, in which higher stability in
the ground state is observed than in the neighbouring nuclides
and are most abundant in nature. The various experimental
signatures that show discontinuity at magic numbers are: the
energy required for the separation of one and two nucleons,
the energies of alpha and beta transitions, pairing energy and
the excitation of low-lying vibrational [33–35]. The separa-
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tion energy is sensitive to the collective or single particle inter
play and provides a sufficient information about the nuclear
structure effects. The discovery of magic numbers paved the
way to great progress in understanding of nuclear structure
and these numbers became the cornerstones for future theo-
retical developments in nuclear physics.
It is worthy to mention that the several signatures are seen
for the evolution of the magic gaps along the nuclear chart in-
cluding superheavy region [36–38]. The quest for proton or
neutron magic numbers in the elusive mass region of super-
heavy nuclei is of utmost importance as the mere existence
of superheavy nuclei is the result of the interplay between the
attractive nuclear force (shell effects) and the large disruptive
coulomb repulsion between the protons that favours the fis-
sion [39, 40]. It is well established that 2, 8, 20, 28, 50, 82
and 126 are the nucleonic magic number. In addition to this,
Z = 120 and N = 172, 184 are predicted to be next magic
number by various theoretical models in superheavy mass re-
gion [41–45]. These predictions have been made on the basis
of separation energy, shell gaps, pairing energy and shell cor-
rection energy etc. It may therefore relevant to extend the line
of thought to the hypernuclear chart. It is well known that the
spin-orbit interaction in Λ channel is weaker than nucleonic
sector and thus the Λ magic numbers are expected to be close
to the harmonic oscillator ones: 2, 8, 20, 40 and 70. In this pa-
per, our main motive is to make an extensive investigation to
search the Λ magic number within the RMF approach and to
obtain the stability of triply magic system with doubly magic
core.
The magic numbers in nuclei are characterized by a large
shell gap in single-particle energy levels. This means that the
nucleon in the lower level has a comparatively large value of
energy than that on higher level giving rise to more stability.
The extra stability corresponding to certain number can be es-
timated from the sudden fall in the separation energy. The
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2Λ separation energy is considered to be one of the key quan-
tity to reveal the nuclear response to the addition of lambda
hyperon. Therefore, in present work, we obtain the the bind-
ing energy per particle and one-lambda as well as two-lambda
separation energies for considered multi-hypernuclei. More-
over, two-lambda shell gaps is also calculated to make the
clear presentation of the magic number which also support
to the two-lambda separation energy. To mark the Λ shell
gaps, single-particle energy levels are analyzed that may cor-
respond to Λ magic number. In addition, to analyze the struc-
tural distribution as well as impact of Λ hyperon on bubble
structure for considered nuclei, total (nucleon plus Λ) density
is reported. Nucleon and lambda mean field and spin-orbit in-
teraction potentials are also observed. On the basis of binding
energy per particle, the stability of triply magic hypernuclei is
reported.
RMF theory has been quite successful for studying the in-
finite nuclear systems and finite nuclei including the super-
heavy mass region [41–52]. It is quite successful to study the
equation of state for infinite nuclear matter as well as pure
neutron matter, where the existence of strange baryons is ex-
pected [53, 54]. In this context, addition of strangeness degree
of freedom to RMF formalism is obvious for the suitable ex-
pansion of the model and such type of attempts have already
been made [54–65]. RMF explains not only the structural
properties of singly strange hypernuclei but also provides the
details study of multi-strange systems containing several Λ’s,
Σ’s or Ξ’s. In fact, RMF explains spin-orbit interaction very
nicely in normal nuclei as well as hypernuclei. The contribu-
tion of spin-orbit interaction is very crucial in emerging the
magic number in nucleonic sector and the same is expected in
strange sector.
The paper is organized as follows: A brief introduction on
hypernuclei and magic number is given in Section I. Section II
gives a brief description of relativistic mean field formalism
for hypernuclei with inclusion of ΛN and ΛΛ interactions.
The results are presented and discussed in Section III. The
paper is summarized in Section IV.
II. FORMALISM
Relativistic mean field theory has been applied succesfully
to study the structural properties of normal nuclei as well as
hypernuclei [55–57, 59, 60, 63–65]. The suitable expansion
to hypernuclei has been made by including the lambda-baryon
interaction Lagrangian with effective ΛN potential. The total
Lagrangian density for single-Λ hypernuclei has been given
in many Refs. [55–57, 59, 60, 63–65]. For dealing the multi-
lambda hypernuclei in quantitative way, the additional strange
scalar (σ∗) and vector (φ ) mesons have been included which
simulate the ΛΛ interaction [54, 58, 61, 62]. Now, the total
Lagrangian density can be written as
L = LN +LΛ+LΛΛ , (1)
LN = ψ¯i{iγµ∂µ −M}ψi+ 12 (∂
µσ∂µσ −m2σσ2)−
1
3
g2σ3
−1
4
g3σ4−gsψ¯iψiσ − 14Ω
µνΩµν +
1
2
m2ωω
µωµ
−gω ψ¯iγµψiωµ − 14B
µνBµν +
1
2
m2ρ~ρ
µ~ρµ − 14F
µνFµν
−gρ ψ¯iγµ~τψi ~ρµ − eψ¯iγµ (1− τ3i)2 ψiAµ ,
LΛ = ψ¯Λ{iγµ∂µ −mΛ}ψΛ−gσΛψ¯ΛψΛσ −gωΛψ¯ΛγµψΛωµ ,
LΛΛ =
1
2
(∂ µσ∗∂µσ∗−m2σ∗σ∗2)−
1
4
SµνSµν +
1
2
m2φφ
µφµ
−gσ∗Λψ¯ΛψΛσ∗−gφΛψ¯ΛγµψΛφµ , (2)
where ψ and ψΛ denote the Dirac spinors for nucleon and
Λ-hyperon, whose masses are M and mΛ, respectively. Be-
cause of zero isospin, the Λ-hyperon does not couple to ρ-
mesons. The quantities mσ , mω , mρ , mσ∗ , mφ are the masses
of σ , ω , ρ , σ∗, φ mesons and gs, gω , gρ , gσΛ, gωΛ, gσ∗Λ,
gφΛ are their coupling constants, respectively. The nonlin-
ear self-interaction coupling of σ mesons is denoted by g2
and g3. The total energy of the system is given by Etotal =
Epart(N,Λ)+Eσ +Eω +Eρ +Eσ∗ +Eφ +Ec+Epair +Ec.m.,
where Epart(N,Λ) is the sum of the single-particle energies
of the nucleons (N) and hyperon (Λ). The energies parts Eσ ,
Eω , Eρ , Eσ∗ , Eφ , Ec, Epair and Ecm are the contributions of
meson fields, Coulomb field, pairing energy and the center-
of-mass energy, respectively. In present work, for meson-
baryon coupling constant, NL3* parameter set is used through
out the calculations [66]. To find the numerical values of
used Λ−meson coupling constants, we adopt the nucleon cou-
pling to hyperon couplings ratio defined as; Rσ = gσΛ/gs,
Rω = gωΛ/gω , Rσ∗ = gσ∗Λ/gs and Rφ = gφΛ/gω . The rel-
ative coupling values are used as Rω = 2/3, Rφ = −
√
2/3,
Rσ = 0.621 and Rσ∗ = 0.69 [61, 67, 68]. In present calcula-
tions, we use the constant gap BCS approximation to include
the pairing interaction and the centre of mass correction is in-
cluded by Ecm =−(3/4)41A−1/3.
III. RESULTS AND DISCUSSIONS
Before taking a detour on searching the Λ magic behaviour
in multi-Λ hypernuclei, first we see the effects of introduced
Λ hyperon on normal nuclear core; how the binding energy
and radii of normal nuclear system is affected by addition of
Λ’s ? To analyze this, we consider a list of normal nuclei cov-
ering a range from light to superheavy mass region i.e. 16O to
378120. Total binding energy (BE), binding energy per parti-
cle (BE/A), lambda binding energy (BΛ) for s− and p− state
and radii for considered core nuclei and corresponding hyper-
nuclei are tabulated in Table I. The calculated BΛ is compared
with available experimental data and we found a close agree-
ment between them. This means the used parameter set is
quite efficient to reproduce the experimental binding energy
and ofcourse we can use it to make more calculations related
to magicity in hypernuclei. Since, we are dealing with closed
shell hypernuclei and hence our RMF calculations is restricted
to spherical symmetric.
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FIG. 1: (color online) Binding energy per particle for triply magic
multi-Λ hypernuclei.
The addition of Λ hyperon to normal nuclei enhances the
binding and shrinks the core of the system. This is because
of glue like role of Λ hyperon that residing on the s−state for
most of the time. These observations are shown in Table I.
Binding energy of hypernuclei are larger than their normal
counter parts and a reduction in total radius (rtotal) of hypernu-
clei is observed, that means theΛ particle makes the core com-
pact with increasing binding. For example, the total radius of
16O and 209Pb is 2.541 and 5.624 fm, which reduce to 2.536
and 5.616 fm by addition of single Λ into the core of O and
Pb, respectively. Moreover, for the sake of comparison with
experimental data, binding energy and radii of the hypernuclei
produced by replacing the neutrons means having a constant
baryon number are also framed in Table I and the shrinkage ef-
fect is also noticed. This results show that an important impact
of Λ hyperon on binding as well as size of the system. The
increasing value of BΛ for s−state from light to superheavy
hypernuclei confirming the potential depth of Λ−particle in
nuclear matter which would be -28 MeV [61, 69].
A. Stability of hypernuclei
Binding energy provides the detailed information of various
elements corresponding to their stability. Binding energy per
particle increases upto the element iron whose atomic number
is 26 and mass number 57. The information provided by the
binding energy per particle curve is that iron and its neigh-
bouring elements (Ni) are most stable i.e. they neither un-
dergo fission or fusion. Thus the significance of the binding
energy per particle curve lies in the fact that it is an indicator
of nuclear stability and thus helps in classifying the elements
which undergo fission, fusion and radioactive disintegration.
We noticed a similar pattern of binding energy per particle
in hypernuclear regime also. The triply magic system is pro-
duced by addition of Λ magic number into the core of doubly
shell closure such as 16O,48Ca,58Ni,90Zr,124Sn,132Sn,208Pb,
292120,304120, 378120. Binding energy per particle of con-
sidered systems confirming that nickel with 8 Λ’s (56+8ΛNi)
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FIG. 2: Binding energy per particle for light to supeheavy mass
multi-Λ hypernuclei.
being the most tightly bound hypernucleus (BE/A = 9.5 MeV)
as shown in Fig. 1. This results are in remarkable agreement
with earlier predictions [61, 62].
B. Binding energy and separation energy
To analyze the magic behaviour of lambda in multi-Λ hy-
pernuclei, we choose the nuclear core of doubly shell closure
including predicted shell closure nuclei of superheavy mass
region and than added the Λ hyperons. Initially, we look for
the binding energy per particle with respect to added hyper-
ons for considered hypernuclei and plotted in Fig. 2. The
peak value of the graph corresponds to maximum stability
for a particular hypernuclear system. It also explains that
the injection of few Λ hyperons enhance the binding of the
light mass hypernuclei, conversely further addition reduces
the binding. However for heavy mass region, the BE/A in-
creases with addition of large number of hyperons and form
a most bound system but further addition decreases the bind-
ing energy gradually. This means certain number of added
Λ’s to a particular nuclear core form a most stable system.
For example, the injection of 2 Λ’s provide a maximum sta-
bility to 16O. Along the similar line a maximum binding is
observed for 48Ca with Λ = 8 and this number goes to 90
for superheavy core. In this way, we extract certain num-
bers of added Λ’s that is 2, 8, 18, 20, 40, 70, 90 which
provide maximum stability for the considered systems (i.e.
16+2ΛO, 48+8ΛCa, 58+8ΛNi, 90+18ΛZr, 124+20ΛSn, 132+20ΛSn,
208+40ΛPb, 292+68Λ120, 304+70Λ120, 378+90Λ120) and these
numbers may correspond to Λ magic number in multi-Λ hy-
pernuclei. But, there exist several other strong signatures of
marking the magic number such as; separation energy, shell
gaps, pairing energy etc. Therefore, to analyze the actual be-
haviour of magicity, we make the analysis of such relevant
parameters. In this regard, we estimate one- and two-lambda
separation energy SΛ, S2Λ, which are known to be first insight
of shell closure. In analogy of nucleonic sector, the magic
4TABLE I: The calculated total binding energy and binding energy per particle for single-Λ hypernuclei and their normal counter parts are
listed here. The Λ binding energy for s− and p−state of considered hypernuclei are also mentioned and compared with available experimental
values [70], are given in parentheses. The radii are also displayed. Energies are given in unit of MeV and radii are in fm.
Nuclei / Hypernuclei BE BE/A BsΛ B
p
Λ rch rtotal rp rn rΛ
16O 126.27 7.89 2.674 2.541 2.555 2.527
16
Λ O 124.36 7.77 -12.09 (12.5±0.35) -2.66 (2.5±0.5) 2.673 2.487 2.550 2.428 2.388
17
Λ O 137.99 8.12 -11.98 -3.07 2.673 2.536 2.554 2.526 2.468
40Ca 341.43 8.54 3.446 3.331 3.355 3.307
40
Λ Ca 344.16 8.60 -17.51 (18.7±1.1) -9.32 (11.0±0.6) 3.439 3.292 3.346 3.262 2.693
41
Λ Ca 358.65 8.75 -17.39 -9.46 3.444 3.315 3.352 3.304 2.737
48Ca 414.17 8.63 3.444 3.496 3.359 3.591
48
Λ Ca 425.04 8.86 -18.75 -10.95 3.439 3.459 3.353 3.558 2.785
49
Λ Ca 433.01 8.84 -18.94 -11.16 3.440 3.479 3.355 3.586 2.791
56Ni 482.30 8.61 3.696 3.586 3.610 3.561
56
Λ Ni 487.47 8.71 -20.48 -12.67 3.695 3.560 3.609 3.533 2.816
57
Λ Ni 502.96 8.82 -20.72 -12.89 3.689 3.567 3.603 3.555 2.817
90Zr 783.17 8.70 4.249 4.245 4.179 4.297
90
Λ Zr 792.04 8.80 -21.28 -15.25 4.246 4.221 4.175 4.277 3.215
91
Λ Zr 804.69 8.84 -21.37 -15.36 4.247 4.233 4.177 4.295 3.222
124Sn 1048.19 8.45 4.642 4.753 4.580 4.866
124
Λ Sn 1060.81 8.55 -22.24 -17.10 4.633 4.729 4.571 4.849 3.493
125
Λ Sn 1070.73 8.57 -22.28 -17.17 4.638 4.742 4.577 4.864 3.503
132Sn 1102.69 8.35 4.689 4.854 4.631 4.985
132
Λ Sn 1118.13 8.47 -22.56 -17.65 4.680 4.830 4.620 4.969 3.570
133
Λ Sn 1125.49 8.46 -22.60 -17.71 4.686 4.843 4.627 4.983 3.579
208Pb 1639.32 7.88 5.499 5.624 5.448 5.736
208
Λ Pb 1655.85 7.78 -23.56 (26.3±08) -19.74 (21.3±0.7) 5.492 5.604 5.441 5.719 4.067
209
Λ Pb 1663.47 7.96 -23.54 -19.76 5.496 5.616 5.445 5.734 4.076
292120 2063.09 7.06 6.271 6.322 6.225 6.389
292
Λ 120 2103.33 7.12 -23.73 -20.94 6.262 6.306 6.216 6.376 3.316
293
Λ 120 2111.67 7.21 -23.59 -20.86 6.268 6.316 6.223 6.387 3.320
304120 2140.81 7.04 6.302 6.417 6.258 6.519
304
Λ 120 2184.09 7.19 -23.89 -21.03 6.298 6.403 6.253 6.507 3.272
305
Λ 120 2189.18 7.18 -23.79 -20.96 6.300 6.411 6.255 6.518 3.301
378120 2385.44 6.31 6.714 7.144 6.678 7.350
378
Λ 120 2432.02 6.11 -23.09 -20.81 6.896 7.344 6.863 7.543 3.642
379
Λ 120 2433.89 6.09 -23.43 -21.04 6.712 7.138 6.676 7.350 3.549
number in multi-hypernuclei may characterized by the large
lambda shell gaps in single-particle energy levels. The extra
stability given by certain number of introduced Λ’s can also
be detect from sudden fall in Λ separation energy. Therefore,
on quest of magicity in multi-Λ hypernuclei, one- and two-
lambda separation energy is estimated using the following ex-
pressions;
SΛ(N,Z,Λ) = BE(N,Z,Λ)−BE(N,Z,Λ−1)
and
S2Λ(N,Z,Λ) = BE(N,Z,Λ)−BE(N,Z,Λ−2).
These quantities are plotted in Fig. 3, 4, 5 and 6. For a lambda
chain, the SΛ and S2Λ becomes larger with increasing number
of lambda Λ. For a fixed Z, N; SΛ and S2Λ decrease gradually
with lambda number. A sudden decrease of SΛ and S2Λ just
after the magic number in lambda chain like as neutron chain
indicates the occurrence of Λ shell closure. The sudden fall
of SΛ at Λ = 2, 8, 14, 18, 20, 28, 34, 40, 50, 58, 68, 70 and
82 can clearly be seen in considered hypernuclear candidates
revealing a signature of magic character. Moreover, Λ = 14
and 28 are observed only in light mass mulit-Λ hypernuclei,
even Λ = 28 does not show pronounced energy separation.
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FIG. 3: One lambda separation energy for medium mass multi-Λ
hypernuclei.
However, a good strength of sudden fall of SΛ at Λ = 34 and
58 is clearly observed in heavy and superheavy mass region.
Two-lambda separation energy provides more strong sig-
nature to quantify shell closure due to absence of odd-even
effects. Figures 5 and 6 reveal that sudden fall of S2Λ at Λ =
2, 8, 14, 18, 20, 28, 34, 40, 50, 58, 68, 70 and 82 as observed
in considered multi-Λ hypernuclear candidates. These certain
numbers corresponds to Λmagic number in multi-Λ hypernu-
clei and form a triply magic system with doubly magic core.
This is the central theme of the paper. The significant falls
of SΛ and S2Λ at Λ =14 is appeared in Ca and Ni hypernu-
clei. The lambda number 28 seems to be very much feeble
magic number, contrary to nucleonic sector. The another new
lambda number 68 suppose to be semi-magic arises due to
subshells closure. For the sake of clear presentation of the
results, we also make the analysis for two-lambda shell gaps
(δ2Λ) and plotted as a function of added Λ’s.
Summarizing the above results, we may say that based on
one- and two-lambda separation energies SΛ and S2Λ, the sig-
natures of the magicity in RMF appears at 2, 8, 14, 18, 20, 28,
34, 40, 50, 58, 68, 70 and 82. The lambda number 28 and 68
are appeared in light and heavy hypernuclei, respectively and
suppose to be feeble magic number.
C. Two-lambda shell gap
The change of the two-lambda separation energies can also
be quantified by the second difference of the binding energies,
i.e., two-lambda shall gap which is expressed by:
δ2Λ(N,Z,Λ) = 2BE(N,Z,Λ)−BE(N,Z,Λ+2)−BE(N,Z,Λ−2)
= S2Λ(N,Z,Λ)−S2Λ(N,Z,Λ+2).
A peak of two-lambda shell gaps indicates the drastic change
of the two-lambda separation energies; which is used as one
of the significant signature of magic number. The two-lambda
shell gaps δ2Λ, for all considered hypernuclei as a function of
added Λ hyperons are shown in Fig 7. A peak at certain Λ
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FIG. 7: (color online) Two lambda shell gap is shown for considered
multi-Λ hypernuclei.
number suggests the existence of lambda shell closure. How-
ever, the quality of magic number is represented by sharpness
as well as magnitude of the peak. Figure. 7 reveals that the
magnitude of the peak is found to be largest at Λ = 2, 8, 20,
40 indicating the strong shell closures. Further, the peaks ap-
peared at Λ = 14, 18, 28, 34, 50, 58, 70 and 82 indicate the
respective lambda magic number. Moreover, a peak with a
very small magnitude is also appeared at Λ = 68 due to clo-
sureness of subshell (2d3/2) revealing Λ semi-magic number.
A peak with small magnitude is seen at Λ= 28 representing
a feeble lambda magic number, contrary to nucleonic magic
number. Pronounced peak is appeared at Λ= 34 and 58 indi-
cating a strong Λ closed shells.
D. Density profile and bubble structure
A hypernucleus is a composed system of nucleons and hy-
perons and hence the gross structure of hypernucleus can be
described by density distribution of nucleons as well as hy-
perons. It is well known and has mentioned earlier that the
addition of a Λ hyperon makes the nuclear core compact with
increasing binding as well as density. Therefore, it is im-
portant to study the effects of large number of added Λ hy-
perons on the nuclear density. Due to addition of hyper-
ons, the magnitude of total density increases with increas-
ing number of Λ’s as shown in Fig. 8. On view the density
profile, one can examine the most interesting feature of nu-
clei i.e. bubble structure, which measure the depression of
central density and has already been observed in light to su-
perheavy mass region [60, 71–73]. It is to be noticed that
several factors, including pairing correlations [73], tensor
force [74, 75] and dynamic shape fluctuations [76–78] turn
out to have influence on depression of central density. The ex-
otic structures like bubble and halo have been recently studied
in Λ−hypernuclei [60, 79].
Owing to weaker ΛΛ attraction compared to the nucleon-
nucleon one the lambda hyperons are more diffuse in a nu-
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FIG. 8: (color online) Total (Nucleon plus lambda) density for con-
sidered triply magic hypernuclei with Λ=0, 2, 8, 14, 20, 34, 40, 58,
70 and 82.
cleus than nucleons and thus generating a hyperon density
about 1/3 smaller than the nucleonic density. Thus, it be-
comes quite important to look for the effect of large number of
hyperons on neutron and proton density distributions. Since,
there is no change of nucleon number and hence no anoma-
lous effect of introduced Λ’s on neutron, proton densities is
observed, individually. But the total density of the system
is largely affected due to increasing number of Λ’s into the
core. In considered multi-hypernuclei, the nucleonic core of
some of them shows the depression of central density for ex-
ample 16O, 90Zr, 292120, 304120 and 378120 as predicted ear-
lier also [60, 72]. It is found that the injected Λ’s reduce the
depression of central density. For example, the depression of
central part in 16O is reduced by injection of 2 Λ’s and fur-
ther more by 8 Λ’s. The Λ particle attracts the nucleons to-
wards the centre enhancing the central density and as a result
remove the bubble structure partially or fully as reflected in
Fig. 8. Therefore, it is one of the important implication of Λ
particle to the nuclear system. Beyond the bubble structure,
no anomalous behaviour of total density (core + Λ) in triply
magic system is reported.
E. Spin-orbit interaction and mean field potentials
The spin-orbit interaction plays a significant role in repro-
ducing the results quantitatively. It is the beauty of RMF
in which the spin-orbit splitting is built-in naturally with ex-
change of scalar and vector mesons and thus describe a nu-
clear fine structure. It is not limited only to nuclei or su-
perheavy nuclei but appears in hypernuclei also, however the
strength of interaction is weaker than normal nuclei [56, 80,
81]. It is clearly seen from Figs. 9 that the spin-orbit poten-
tial for lambda hyperon is weaker than their normal counter
parts and our results are consistent with theoretical predictions
and experimental measurements [82–84]. Here, nucleon (VNso )
and lambda (VΛso) spin-orbit interaction potentials are calcu-
lated for considered triply magic multi-hypernuclei. It is also
conclude that the addition of Λ’s affects the nucleon as well
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FIG. 9: (color online) Spin-orbit interaction potentials of nucleon
and lambda for considered triply magic hypernuclei with Λ=0, 2, 8,
14, 20, 34, 40, 58, 70 and 82. The upper part in each panel represents
the nucleonic spin-orbit and the lower one representing the lambda
spin-orbit interaction.
as Λ spin-orbit potential to a great extent.
The nucleon (VN) and lambda (VΛ) mean field potentials
are also investigated and plotted as a function of radial pa-
rameter shown in Fig. 10. The total depth of Λ mean field
potential is found to be around -30 MeV, which is in agree-
ment with existing experimental data [84]. It is to mention that
the additions of Λ’s affects the depth of both nucleon as well
as lambda mean potentials. The nucleonic potential depth in
multi-lambda hypernuclei is approx to -80 MeV to -90 MeV.
The shape of lambda potential looks like to be same as nu-
cleonic potential and only the amount of depth is different. It
is also to be noticed that the nucleonic potential looks like as
V-shape type and shows the maximum depth around -90 MeV
at r = 4 fm, while this amount of depth reaches to -70 MeV
at r = 0 fm for 292120. It indicates a relatively low concentra-
tion of the particles at central region (r = 0) which is a direct
consequence of depression of central density so-called bubble
structure.
F. Single-particle energies
Any kinds of change in a system can be observed from
their single-particle energy levels. To analyze the impact of
Λ hyperon on nucleon single-particle energy levels, the filled
neutron and proton levels for Ca hypernuclei are plotted as a
function of added hyperons as shown in Fig. 11. Figure 11
reveals that the neutron and proton energy levels goes dipper
with addition of Λ’s as a result increase the stability of the
system. The added hyperons increase the nucleon separation
energy and as a result form a more bound system with increas-
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FIG. 10: (color online) Total mean field potentials for considered
triply magic hypernuclei withΛ=0, 2, 8, 14, 20, 34, 40, 58, 70 and 82.
Dashed lines represents the lambda mean potential and the nucleon
potential is shown by solid line.
ing binding then their normal counter parts, which also leads
to an extension of drip-line [29]. For example, neutron s1/2(n)
level has an energy of about -54.037 MeV for the core of Ca
hypernucleus, while this amount reaches to -62.499 MeV for
48+18ΛCa system with 18 Λ’s. Also, a same trend is observed
for proton levels where, s1/2(p) has an energy 51.787 MeV for
the core of Ca hypernuclei and this value reaches to -60.0477
MeV with addition of 18 Λ’s. This results show that the Λ
hyperons draw the nuclear system towards more stability with
increasing strangeness. Moreover, the same trend of neutron
and proton energy levels is observed for other multi hyper-
nuclei where both the levels would go dipper with increasing
number of Λ hyperon to nucleonic core but we do not make a
plot for the same. A inversion of proton levels is seen, where
d3/2 fill faster than s1/2 and this type of filling is also observed
in lambda levels.
Further, we analyze the lambda single-particle energy levels
for 48+nΛCa, 208+nΛPb and 304+nΛ120 hypernuclei to extract
the lambda shell gaps for confirming the Λ magic number.
The lambda energy levels as function of added Λ’s are given
in Fig. 11, 12, 13. The filling of Λ’s is same as the nucleons
following the shell model scheme with lambda spin-orbit in-
teraction potential. It is observed that the single-particle gap
of spin-orbit splitting in lambda levels is smaller than the nu-
cleons due to weakening strength of lambda spin-orbit interac-
tion. By analyzing the lambda single-particle energy levels of
Ca hypernuclei it is found that large energy gap exist in 1d5/2
to 1d3/2 or 2s1/2 and that’s why lambda magic number 14 is
emerged. Further, 2s1/2 and 1d3/2 are very much close to each
other due to weaker strength of Λ spin-orbit interaction. How-
ever, Λ= 20 is clearly seen due to large energy gap by f7/2 to
lower orbital. In case of Pb, the large shell gaps for Λ= 2, 8,
18, 20, 28, 34, 40, 50, 58, 70 and 82 is appeared. However, the
single-particle gap for lambda number 28 is not so strong as
compared to others suggesting the feeble magic number. The
inversion of normal level scheme is noticed and the higher lev-
els fill faster than lower one and hence this types of filling is
responsible to emerge the new more magic number. For exam-
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and 90.
ple, the filling of 1d3/2 before 2s1/2 shows a shell gap at Λ =
18. Along the similar line, due to inversion between {1 f5/2,
2p3/2} and {1g7/2, 2d5/2} the Λ closed shells 34 and 58 is ob-
served, respectively. In case of superheavy multihypernuclei,
large single-particle shell gaps are appeared for lambda num-
ber 2, 8, 18, 20, 34, 40, 50, 58, 70 and 82. It is quite worth
to notice that pronounced energy gaps is noticed in 208Pb and
304120 at Λ= 34, 58 are being suggested to be strong Λ shell
closure. The sharp peaks observed in δ2Λ at Λ= 2, 8, 20, 34,
40 and 58 is clearly reflected from lambda single-particle en-
ergies, where a large energy gap is exist for the filling of these
number of lambda hyperons.
G. Magicity
Various signatures of the evolution of magic shell gaps have
been discovered across the nuclear landscape during the past
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TABLE II: Lambda magic number produced in various considered
multi-hypernuclei are tabulated here.
Hypernuclei Lambda magic number
16+nΛO 2 8 - - - - - - - - - - -
48+nΛCa 2 8 14 - 20 - - - - - - - -
58+nΛNi 2 8 14 - 20 28 34 - - - - - -
90+nΛZr 2 8 14 - 20 28 - 40 50 - - - -
124+nΛSn 2 8 14 - 20 28 34 40 50 - - - -
132+nΛSn 2 8 14 - 20 28 34 40 50 - - - -
208+nΛPb 2 8 - 18 20 28 34 40 50 58 - 70 82
292+nΛ120 2 8 - 18 - 28 34 40 50 58 68 - 82
304+nΛ120 2 8 - 18 20 28 34 40 50 58 68 70 82
378+nΛ120 2 8 14 18 20 - 34 40 50 58 68 - 82
few decades [37, 38] such as (i) A large binding energy then
neighbouring nuclides, (ii) Sudden fall at separation energy,
(iii) A large shell gap, etc. It becomes therefore quite relevant
to extend the prediction of magic numbers to the hypernuclear
chart. Looking for the magic behaviour firstly, we emphasize
on binding of some selected nuclei whose nucleonic core is
doubly magic such as O, Ca, Ni, Zr, Sn, Pb and 120. Some
certain number of Λ hyperon binds the nuclear core with max-
imum stability that may correspond to Λmagic number in hy-
pernuclei and might form a triple magic system with doubly
magic nuclear core as initially discussed in Ref. [85] and re-
cently in Ref. [79]. For example, Λ= 2, produce a maximum
binding for 16O and 48Ca reveal the maximum binding with
Λ = 8. Also, 378120 shows a peak binding on addition of
90 Λ’s. In this way, we extract some lambda number which
are 2, 8, 18, 20, 40, 70, 90 produce a maximum stability for
their particular system and suppose to be Λ magic number
as much as close to harmonic oscillator number. But several
other strong signatures are exist to identify the magicity and
we make the analysis in this direction to look out the correct
Λ magic number. After analyzing the SΛ and S2Λ, for consid-
ered light to superheavy mass multi-hypernuclei it is noticed
that a sudden fall is observed at Λ = 2, 8, 14, 20, 28, 34, 40,
950, 58, 68, 70 and 82. And hence, the analysis suggest that
these numbers are supposed to be Λ magic number in multi-
lambda hypernuclei and form a triply magic system having
doubly magic nucleonic core.
In order to identify the Λ magic number strongly, two-
lambda shell gaps is examined which provide more strong
signature of magicity and favoured S2Λ. Pronounced peak in
two-lambda shell gap is observed at Λ = 2, 8, 20 and 40 in-
dicating a strong shell closure. The peaks observed with a
significant magnitude at Λ = 14, 18, 34, 50, 58, 70 and 82
indicating a shell closure also. Further to testify, we look for
the lambda shell gaps by examining the single-particle energy
levels. We noticed that a large single-particle gap is appeared
in 208Pb hypernucleus at Λ = 2, 8, 18, 20, 28, 34, 40, 50, 58
and 70 confirming the lambda magic number. The analysis
of single-particle energy levels for 378120 multi hypernuclei
clear the results by showing a large energy gap in 2, 8, 18, 20,
34, 40, 50, 58, 70 and 82. It is to mention that a significant
shell gap is observed for 34 and 58 suggesting a strong Λ shell
closure. The inversion of normal level scheme is responsible
to emerge the Λ magic number 34 and 58. The experimen-
tally confirmation of nucleonic shell closure of 34 supports
our predictions [86, 87]. The nucleonic number 14, 16, 18
and 32 have also been in discussion and expected to be shell
closure [88–91]. In addition, nucleon number 16 and 32 have
also been experimentally confirmed in exotic nuclei as a new
neutron magic number [92, 93]. Therefore, it is concluded
that the Λ magicity quite resembles with the nuclear magicity
and it is expected that our predictions might be used as signif-
icant input to make the things clear regarding new sub shell
closure. The predicted Λ magic number in multi-hypernuclei
are framed in Table II. The present lambda magic numbers are
quite agreeable with the prediction of Ref. [85] and Ref. [79]
where Bruckner-Hartee Fock calculations using the lambda
density functional have been made. It is clear from the plot
of δ2Λ, that 34, 58 and 70 have peaks of great magnitude,
while 68 in a feeble magnitude and suppose to be subshell
closure. Moreover, strong nucleonic magic number 28 is ob-
served very feeble in lambda magicity. It is to mention that the
lambda number 14 is appeared in medium mass hypernuclei,
on contrary to this 18 is observed in superheavy mass multi
hypernuclei.
IV. SUMMARY AND CONCLUSION
In summary, we have suggested the possible Λ magic num-
ber i.e. 2, 8, 14, 18, 20, 28, 34, 40, 50, 58, 68, 70, 82 in
multi-Λ hypernuclei within the relativistic mean field theory
with effective ΛN as well as ΛΛ interactions. The survey of
Λ magic number is made on the basis of binding energy, one-
and two-lambda separation energies SΛ, S2Λ, and two-lambda
shell gaps δ2Λ. It is noticed that pronounced single particle
energy gap is observed for lambda number 34 and 58 in Pb
and superheavy multi hypernuclei representing the strong Λ
magic number. Our predictions are strongly supported by nu-
clear magicity, where nucleon number 34 is experimentally
confirmed as a neutron shell closure [86, 87]. It is expected
that the weakening strength of lambda spin-orbit interaction
potential is responsible for emerging the new lambda magic
number. The predicted Λ magic numbers are in remarkable
agreement with earlier predictions [79, 85] and hypernucler
magicity quite resembles with nuclear magicity. In the anal-
ogy of nuclear stability, we noticed a similar pattern of bind-
ing energy per particle in hypernuclear regime and Ni hyper-
nucleus with 8 Λ’s is found to be most tightly bound triply
magic system in hypernuclear landscape. The addition of Λ
hyperons have significant impact on nucleon distribution and
remove the bubble structure partially or fully. The spin-orbit
interaction potentials and mean field potentials is also studied
for predicted triply magic hypernuclear systems and the added
Λ’s affect both the potential to a large extent. The present re-
sults may be used as a significant input to produce the triply
magic hypernuclei in laboratory in future. It is also concluded
that the addition of Λ hyperons draw the nuclear system to-
wards more stability with increasing strangeness. We noticed
that the core of superheavy nuclei has more affinity to absorb
large number of hyperons. This means such systems are able
to simulate the strange hadronic matter containing large num-
ber of heavy hyperons such as Σ’s and Ξ’s including several
Λ’s and the formation of such systems has large implication
in nuclear-astrophysics.
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